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Final Report 

Executive summary: 
Selective leachmg analysis of soil isolates taken fiom a region trendmg SE of the 903 Pad 
indicates a) fiom 0 04 to 0 09 % of the soil-associated 239,249u is ‘exchangeable, b) addition 
of reducmg agents ‘solubilized’ 0 1 to 5% of soil-associated Pu, suggestmg that a relatively 
small percentage of total soil 239$24~u  could be released fiom the soil matrix during 
prolonged periods of soil anoxia, however such a fiaction if solubilized could significantly 
elevate the aqueous concentration of Pu and explam some of the observed surface water 
quality exceedances, c) the predommant phase classes for Pu are the ‘organic’ and ‘residual’ 
fractions The significance of the ‘organic’ fraction with respect to Pu speciation is not yet 
clear 
Distribution coefficients for 239 240Pu mteraction with soil isolates under oxic conditions 
range fiom ca 1 x lo4 L kg-’ to 1 2 x lo5 L kg-’ & values are dependent on time of contact 
of solution wth  soil particles as well as solution composition The data set described here 
provides a likely upper range of & values 
Solid phase extraction studies mdicate that 239 240Pu has a limited solubility under oxidizing 
conditions and suggests that the pnmary transport process under oxidizmg conditions is 
through mechanical erosion 
Yearly fluxes of 239i249u to the WETS ponds evaluated range fiom 0 02 to 1 7 mCi y“ 
dependmg on the ond and method of Pu mventory deternation 
Kd values for 23k(VI) mteraction with solar pond core isolates range under oxidizing 
conditions range from ca 30 to 180 L kg-’ Results mdicate that U(VI) may be subject to 
groundwater transport 
Additional studies need to be mitiated to determme the lower range of & values for Pu and 
U 

Introduction 

The scope of work for thrs study had two overall objectives (Document ## CSM-02-97) 1) 

To provide a prelimmary deternation of the range in Pu phase speciation and soil distribution 

coefficient (&) values m 903 Pad area soils, 2) determme plutonium (Pu) inventories for ponds 

C-2, B-1 and B-5 This data, coupled with mformation about water flow during ‘normal’ rains 
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and storm events, will provide a basis for further evaluahon of the rate o f  radionuclide transfer to 

surface waters and the llnk between surface water quality and soil action levels (see Honeyman 

and Santsclu, A conceptual model of Pu movement through RFETS soils) The overall goal is to 

provide mformation as a foundation for assessmg whether additional soil cleanup goals must be 

established, or further mstitutional controls that may be needed, for the protection o f  surface 

waters 

It has long been understood that the fate o f  an element m the environment depends on two 

factors 1) the speciation o f  the element, 2) the processes that act to distnbute those species 

Establishmg a lrnk between surface water quality and soil action levels requires a thorough 

understandmg o f  both elemental speciation and transport The gross concentration (or activity) is 

important to a lesser extent 

The work summarized below, and covered under the Work Scope Document (Document # 

CSM-02-97), falls mto three categories 

1 Determmation o f  the phase speczatzon of  Pu rn a) RFETS soils near the 903 Pad ‘lip’ area, b) 

South Interceptor Ditch (SID) sedunents, c) Pond C-2 

2 An evaluation of  the ‘mass loadmg’ o f  Pu to Pond C-2, B-1 and B-5 

3 Determmation of  I(d values for U(VI) mteraction unth Solar Pond soil materials 

2 Materials and Methods. 

2 1 Selective leaching 

2 I I Materials evaluated 

Selective leachmg analysi was performed on three types o f  WETS media 

1) Soils near the 903 Pad ‘lip’ area, 

2) South Interceptor Ditch (SID) sediments, 

3) Pond C-2 sediments 

The three sites m the Woman Creek dramage represent successive stages m the transport of  

239240Pu through the dramage Soils near the ‘lip’ area are the source term, the SID contains 

sediments derived from the hillside to the north if the ditch and pond C-2 sediments are 

‘integrators’ o f  Pu activity 111 the basin 
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2 1 2 Sample locations and form 

Figure 1 shows the location of the samples at the tune of extraction All samples were 

provided to CSM and Texas A&M Umversity, by Rocky Mountam Remediation Services Soil 

samples 1 through 5 were taken fiom the 903 Pad area ln a lme extendlng toward SW 53 

Sample 6 was taken fiom an 'alluvial fan', directly South of the 903 Pad The soil samples were 

homogenates of 'box cores' (ca 10 cm x 10 cm x 10 cm), as such, the soil analyses presented in 

Appendix 5 represent a homogenized surface soil (0 - 10 cm) 

Three SID samples were analyzed and are designated SID 25, SID 27 and SID 39 The 

samples were homogemzed, split rnto two 100 g sub-samples and fiozen 
Two types of Pond C-2 samples were taken 1) pond sedment homogenates for 2 3 9 , 2 4 0 ~ ~  

I phase speciation and mventory estimates, 2) mtact cores for sediment profiles of 239*240Pu The 

Pond C-2 samples used for the phase speciation were C-2 #3 and C-2 #5 

2 1 3 242Pu yield tracers 

The 242Pu used by Texas A&M as a yeld tracer was NIST standard solution NIST SRM 

The dilution 4224F at 28 26 Bq g-' with a relative expanded uncertamty (k = 2) of 0 74% 

consisted of 1 46 g m 500 ml of 16% "03 resultmg m 4 98 f 0 04 dpm ml" , 
The 242Pu used by CSM was NIST standard solution NIST SRM 4334F at 28 26 Bq g-' with a 

relative expanded uncertamty (k = 2) of 0 74% 

2 1 3 Experimentalprotocol I 

A number of selective extraction protocols have been proposed wth many tailored to the 

specific substrates under study (see Table 1) Thls study followed the general scheme suggested 

by Yong et al (1993) with a few modifications The mitial soil or sediment mass used m the 

extraction was 5 g A detailed protocol is provided rn Appendix 1 

I 

I 

Exchangeable cations 8 ml KNO3 at room temperature, agitation for 1 hour 

Carbonates 8 m l  of 1 M NaOAc adjusted to pH 5 wth HOAc, agitation for 1 

hour 

20 ml of 0 04 NH2OH C1 m 25% (vh) HOAc at 96OC for 6 h Sesquioxides 

Organic matter Step 1 3 ml of 0 02 M HNO3 and 5 ml of 30% H202 adjusted to 

pH 2 with HNO3 at 85 OC for 2 h, step 2 3 ml of 30% H202 at 

I 
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Residual 

pH 2 and 85 O C  for 3 hours with contmuous agitation, Step 3 5 

ml of 3.2 M W O a c  m 20% (vk) "03 diluted to 20 ml at 

room T with agtation to 30 mm 
Digestion with 5 1 xmxture of HF and HC104, dissolve residue 

from digestion with 12 M HC1 

Additional variation of extraction parameters is descnbed at the end of Appendix 5 

2.2 Pond sediment analysis. 

2 2 1 Materials evaluated 

Two types of samples were provlded to CSM and Texas A&M University by RMRS 1) 

homogenized core samples, 2) mtact cores 

2 2 2 Sample locations and forms 

Locations of the samples are given 111 Figure 1 

1 Intact cores One mtact core was taken from each pond for complete radionuclide profiles 

Profile cores were frozen 111 an upright position to preserve the vertical structure near the 

sediment-water mterface Once frozen, the cores were extruded and cut m 1 cm intervals 

2 Core homonenates Six core homogenates for radionuclide mventories and phase speciation 

were taken from each pond Two of the six were samplmg replicates The bulk contents of the 

core (sediments plus porewater), rncluding the layer near the mterface, was emptied into a 

contamer and completely homogenized by stirrmg Durmg homogenization, core materials were 

in contact with the atmosphere Two 100 gram aliquots fiom each lnventory core were sent to 

CSM 

Appendix 2 contains the protocol for the extraction of 239,240pu from sediments The plating 

procedure (the formation of a rare-earth precipitate) is given at the end of Appendix 3 

2 3 Distribution coefficients: 903 Pad 'lip' area soils. 

2 3 1 Materials evaluated 

The soils used in the evaluation of soiuwater partitionlng coefficients, Kd values, are samples 

fiom the box-cores homogenates described m Section 1 and processed through a 2 36 mm sieve 

4 Fmal Report 



ACTINIDE MIGRATlON STUDIES AT THE ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 121 15/97 

The solutions for the & experiments were supplied by RMRS Seep water 491 and Well 1786 

water 

2 3 2 Experimental protocol 

In these experments, soil isolates (5 g of material < 2 36 mm) were suspended in 0 5 L of 

water (Seep 491, Well 1786) The sieved fraction (1 e , the portion of the bulk soil smaller than 

2 36 mm) represents between 10 and 20 % of the bulk soil by mass, depending on the sample 

location The soil suspensions were shaken for five days, and m a few kinetics experiments for 

one, two and a half, and five days, the particles were then separated from solution and the 

solution analyzed for 239p240Pu Each tune pomt represents a separate batch reactor A general 

definition of & is given below m Section 3 The experimental protocol followed for quantifying 

dissolved-phase 239*240Pu activity is outlmed m Appendix 3 

2 4. Distribution coefficients- solar pond cores and U(VI). 

2 4 I Materials evaluated 

Cores for the analysis were supplied by RMRS Both cores (41 193 and 54249) were 

significantly broken apart with the largest pieces bemg ca 5 cm m length RMRS also supplied 

the solutions for equilibration Water #05193 is high m nitrate (sampled on 6 23 97 at 1430 h), 

water #1786 is low m nitrate (sampled on 6 23 97 at 1606 h) 

2 4 2 Experimental protocol 

Appendix 4 gives the detailed expenmental protocol followed for the I& experiments The 

procedure follows well-established protocols for evaluatmg trace element sorption through the 

use ofa tracer (e g , 2 3 3 ~  to trace 2 3 8 ~ )  

3. Results and Discussion. 

3 1. Phase speciation o f  Pu in WETS environmental media. 

3 1 1 General issues regardingphase speciation 

‘Speciation’ has different meanmgs, dependmg on the use and the authors of the studies 

Speciation broadly means the ‘form’ of an element However, ‘form’ may mean isotopic 

composition, physical form (e g , gas, solid, a surface phase, etc ) or molecular composition (e g , 

von Gunten and Benes, 1995) There are a number of techques available for determining trace 
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element speciation, all have constramts associated w t h  the= use mcludmg volume and 

concentration lunits, mterference fiom non-target chermcals and the need for restrictive sample 

analysis environments (e g , hgh vacuum) In the work descnbed below, ‘phase speciation’ 

means the association of Pu with an operationally-defined phase or class of soil constituents 

The most frequently applied method for the analysis of trace element speciation of solid 

phases is selective leachmg (sometimes also called sequential chemical extraction or phase 

speciation analysis) The methodology is to attack the soil or sediment with mcreasingly harsh 

chemical treatments, successively removmg the target element from host soil or sediment 

components Each of the chemical additions is targeted to destroy a particular class of phases, 

thereby releasing the ‘bound’ trace element A number of different leachmg schemes have been 

proposed over the years, the limitations of such techruques have been thoroughly discussed as 

well (e g , von Gunten and Benes, 1995, and references therem) The mam limitation of 

chemical leachmg is the low selectivity of the applied chermcals for the target ‘phases’ (von 

Gunten and Benes, 1995), i e 

1 The extractants often do not quantitatively release the expected fonn(s), but also attack 

unwanted forms of the radionuclides, 

2 The extractions may significantly change the abundances or properties of the unextracted 

components in the sample, 

The extracted radionuclides can re-adsorb on the residue 

The interpretation of selective leachmg results may be further complicated when the target 

metals may undergo redox changes upon application of host-phase extractants For example, 

reductants added with the expectation that host mmeral phases will reductively dissolve and 

thereby release the bound target trace metal may also, m some mstances, reduce the target metal 

and alter the metal’s association with soil mmeral phases In addition, the effectiveness of 

selective leachmg analysis depends on 

1 

3 

Protocol characteristics mcludmg the length of time that extractants are m contact with the 

soil and the order of the various extraction steps, 

2 The solidsolution ratio, 

3 Soil structure 
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It should also be noted that the results of selective l e a c h g  analysis provide only a 

‘snapshop’ of the distnbution of the target components and, unless supplemented by additional 

information, do not provide the basis for reaction processes and the future state of the soil or 

sediment system However, m spite of the limitations of the approach, selective leachmg can be 

a useful tool for comparmg operationally-defined radionuclide speciation as a function of time 

and space withm the same geochemical system 

Typically, the leach solutions are applied m senes to a soil or sediment sample Also, 

typically, five different ‘phases’ of the solid-phase associated trace elements are targeted 1) an 

exchangeable fraction, 2) bound m carbonates, 3) associated with Fe and Mn (hydr)oxides or 

sulfides, 4) associated with organic matter, and 5) a residual fiaction The analyses presented 

below followed the sequence shown m Table 1 In this study, the reductant step preceded the 

peroxide addition m part to aid m evaluatmg the question of Pu release from the soil matrix 

under soil conditions which might foster the reductive dissolution of iron and manganese oxides 

(e g , prolonged soil floodmg) 

Table 1 contains a comparison of some selected selective leaching schemes commonly 

applied to the analysis of soils and sediments A more complete comparison of extraction 

procedures can be found m Yong et a1 (1993) The work reported herein followed the general 

scheme of Yong et a1 (1 993), with a few modifications 

Pu activities in the soil 239,240 Table 2 summarized the results of selective leachmg analysis 
homogenates range from 372 pCi g-’ (Sample #2) to 2 6 pCi g-’ (Sample #5), total 2 3 9 , 2 4 0 ~ ~  

activity (e g , pCi g-’) in the homogenized surface soils generally decreases with distance from 

the 903 Pad 

The ‘blank’ soils were taken fiom an area near Coolbaugh Hall on the School of Mines 

campus in Golden, CO Note that the purpose of the ‘blank’ is not to ascertam background 

239240Pu fallout from nuclear weapons testmg but for process control analysis of activity 

carryover between steps Even though all analytical ware was washed m strong acid solutions 

between use, activity carryover still exists The ‘blanks’ represent a maximum estimate of the 

carryover or ‘blank’ correction Blank 1 is the correction for the high 239,240~u activity samples 

(soils 1 - 3) and Blank 2 is the correspondmg correction for the low activity samples, soil 

samples 4 - 6, the SID samples and Pond C-2 homogenates Thus, the activity carryover 
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NaOAc, pH 5 

HC1 

01 8 correction for Soil #1 is - x 100 or 0 072 % For cornpanson, an average background soil 
246 

Pu activity for nuclear fallout is 0 05 pCi g-’ 239,240 

CBD’ NaOCl, pH 9 2 pyrosulfate 
h i o n  

EDTA + acid digestion -- 
“ 4 0 H  

~~ ~~~~~~~~ 

Table 1 Summary of selected extraction procedures 

NaOH 
NaOAc, pH 5 

Exchangeable 

HCl acid digestion -- 
NH20HHCl H202 (3 steps) HF/HC104 

CaC12 

NaCl 

Bound in Fe- Residual 
carbonates I Mnoxides 

NaOWHOAc NH20HHCl m H~02/€€N03 + HF I 25 % HOAc I “AOH I +HC~OA 

I I +HCl 

Author I 

*Citrate, bicarbonate and dithionite 

1 Tessier et a2 (1979), 2 Litaor and Imbrahim (1996), 3 Platter et a1 (1992), 4 Cook et a1 
(1 984), 5 Yong et a2 (1 993) 

Duplicate analysis ‘Duplicate’ analyses were performed on soils 1 - 4 and are designated ‘D’ 

Duplicate analyses are as follows Soil #1 straight duplicate, Soil #2 time of extraction, Soil 

#3 MgC12 versus KNO3 

The dommant phase associations for Pu in all of the samples analyzed (soil, SID and pond) 

were the ‘organic’ fraction (range 16% - 80%’ average 41 5%’ standard deviation 24 8) and the 

residual fiaction (range 18% - 77%, average 54 5%, standard deviation 23 9) The sequioxide 

fiaction for the soil samples was typically less than 5% of the total A comparison of 

activities progressmg roughly down-gradient fiom the ‘lip’ area to Pond C-2 yields the following 

1) 23924!Pu total activities decrease through the system, 2) the fraction of Pu in the organic 

‘phase’ decreases, with organic fraction activities becommg similar to that of 239,240Pu in the 

sesquioxide fraction With few exceptions, the residual fraction is the domlnant ‘phase’ 

association for Pu 

239 240pu 
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The selective extraction data for the ‘sesquioxide’ fraction suggests that the fraction o f  Pu in 

phases that would be subject to release upon the reductive dissolution o f  host phases, e g , by 

prolonged saturation o f  soils, is small (from 1 to 5%) However, such a fraction if solubilized 

could significantly elevate the aqueous concentration o f  Pu and explain some o f  the observed 

surface water quality exceedances 

Pu association wth orgmc matter may be significant because (e g , Guillaumont and Adolf, 

1992, Moulm et a2 , 1992, Choppm, 1992, 1988, Nelson et aZ , 1985) 1) organic matter can be 

soluble under a range o f  environmental conditions, 2) Pdorgamc matter complexes are relatively 

strong, 3) organic matter may be rnvolved m Pu redox chemistry 

Table 2 Summary o f  selective leachmg analysis @Ci g-’) 

I 75 I na I na I 

2D 1 0 18 1 0 41 I 5 4  1 87 I na 1 na 
3 0 029 0063 I 1 5  I 63 14 78 

SID#39 I 00065 I 00056 I 00062 I 00059 I 0 1  I 0 12 
c-2 #3 1 0 004 I 0021 I 0040 I 0011 I 0 4 2  I 0 49 

I c-2#5  I 0 004 I 0016 I 0 12 I 015 I 2 1  I 2 4  1 

*The operational nature of this approach is indicated by total organic carbon analysis o f  the 
residual fraction Although the soil treatment designed to oxidize organic matter is relatively 
harsh, some organic matter survives and remams in the ‘residual’ fraction [lD 0 32%, 2D 
0 57%, 3D 0 28%, 4D 1 1 %, SID #39 0 42%] 

Litaor and Imbrahim (1996) conducted a selective leachmg study of  239,240Pu m 903 Pad ‘lip’ 

soils They exammed five soil cores fiom an area to the NW of SW 51 and evaluated the phase 

speciation of  239 240Pu as a function of soil horizon Their results rndicate that a relatively small 

portion of 239240Pu exists m either the ‘exchangeable’ or ‘carbonate’ fractions (< 7 %) and that 
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the dommant phases for Pu are the organic, sesqwoxide and residual fractions (56 2, 27 8 and 

19 5%, respectively, on the average for the A homon analyses) By  companson, this study 

yielded 41 5 and 55 5 % for the orgmc and residual fraction, respectively, for the six ‘lip’ area 

soils evaluated 

Marty et a1 (1 996) argue m thew comment on the results o f  Litaor and Imbrahim (1 996) that 

the interpretation of  the results of selective leachmg analysis o f  Pu m soils is complicated by the 

intricate nature o f  Pu redox chemistry Marty et a1 raise some unportant pomts regarding the 

strict mterpretation o f  selective leachmg analysis as to the ‘location’ of Pu species m soils Their 

basic pomt is that attacks to the soil matnx by different oxidizmg or reducmg agents, and the 

subsequent release o f  Pu, may reflect alterations to Pu solubility through Pu redox reactions 

rather than destruction o f  host mmeral phases, themselves 

Selective leachmg strategies yeld operational definitions o f  ‘solubility’ under imposed 

chemical conditions For example, hydroxylamine hydrochlonde has long been used to 

reductively dissolve iron and manganese oxides m soils and sediments as a part o f  compositional 

analysis for Fe and Mn The application o f  an NH20HHCl leach to phase speciation analysis 

should thus be limited to the interpretation that under the condztzons such that Fe and Mn would 

be reductively dissolved a certain fraction of Pu will be released Similarly, peroxide attack o f  

soils, and the release Pu, are sugeestive that Pu is associated with an organic phase However, 

acidic peroxide solutions may reduce Pu to P u o ,  a relatively soluble oxidation state Thus, all 

that is certain is that under conditzons sufJicient for organic matter destruction Pu is 

‘solubilized’ At this pomt, the significance of  the ‘organic’ fraction for Pu remams unclear 

Pu activities. 239,240 3.2 Pond 

Appendices 7 , 8  and 9 contaln the results o f  the analysis o f  Ponds B 1 ,  B5 and C-2 sediments 

Appendix 7 contams the results o f  the homogenate analyses for Ponds B-1, B5 and C-2, 

Appendices 8 and 9 presents a summary o f  mtact core analysis for cores B5-5 and C-2-1, 

respectively 

Pond B-5 sediments have specific activities rangmg from 4 15 x pCi g-’ (91 3 dpm kg-‘) 

to 0 58 pCi g-’ (1267 dpm kg-’) Pond C-2 sediments exhibit a slightly larger range in specific 

239240Pu activities 8 27 x lo-’ pCi g-’ (182 dpm kg-’) to 2 73 pCi g-’ (5984 dpm kg-’) In 
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contrast, Pond B-1 has sigmficantly greater 23922403?u specific activities than do either Ponds C-2 

or B-5 34 5 pCi g-' (7 6 x lo4 dpm kg-') to 11 1 pCi g-' (2 44 x lo5 dpm kg") 

Table 3 summarizes the homogenate results m terms of mventones (ZpCi cm-2) and mcludes 

duplicates Duplicates are designated by A and B and consist of parallel analysis of identical 

sub-samples (m terms of mass) of the homogenates Note that the reproducibility of duplicates is 

not typically high Relatively low reproducibility was also noted by Litaor Low reproducibility 

is suggestive of non-homogeneous dispersion of 239,240Pu throughout environmental media It is 

not clear at thls tune what the scale-length of homogeneity (e g , 1, 5, 10 or more grams of 

Pu m vanous environmental media or position wthm a media (1 e ,  sample media) is for 

location) 

239,240 

Pond inventories (mci) were estimated by two different methods 1) fiom the homogenates, 

2) from core profiles Both techniques should provide equivalent mventones The inventories 

were calculated fiom the homogenates by assummg that the homogenate activity for each 

sediment location represents an average mtegrated activity, cm'2, for the sample location 

Inventories for each core homogenate (CpCi cm'2) were calculated as follows 

CPu(CpC1 cm-*) = Pu[dpm g-l dry wt] x (1 - 6) x 2 5[g cm '1 x h[cm] (1) 

where 2 5 is the dry density, 8 the porosity and h the height of the homogenate section The 

homogenate results were averaged (Table 3) and multiplied by the average pond area (Table 4) to 

yield the total pond inventory 

Intact cores were retrieved for Ponds B-5 and C-1 Appendices 8 and 9 contain the data 

Pu profiles The integrated 239,240 summaries for the core analyses Figure 2 presents the core 

core activities are presented m Table 5 

Pu activity per unit 9 239,240 The last column m Appendix 7 contams the estimated 'mtegrated 
2 3 9 , 2 4 0 ~ ~  area of sedimendwater mterface Pond B-1, agarn, has sigtllficantly greater mtegrated 

activities (1 870 pCi cm-2) than does either Pond C-2 (12 pCi cmS) or B-5 (3 3 pCi cm-2) 

Analyses of mtact cores for 239*240Pu are given m Appendices 6 and 7 Note that Pu specific 

activities are highly variable in both sets of cores, with Pond C-2 exhibitmg a higher average 

specific 239p240Pu activities throughout the core Note, also, that the Pu activities at the base of the 

Pond B-5 core are significantly less than are activities m the upper half of the same core 
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B-5 
c-2 

The 2399240Pu activity m each core slice is given by 

3 8  0 45 
12 l (21  7)a 2 42 - 

ZPu(pCi cm-*) = Pu[dpm g-'1 x L[g] 2 2  dpm x (1-8) x 2 5[g cm-'] x 1 cm (2) 

The mtegrated core activity is found by summmg all Pu activities mcludmg mterpolated values 

The mtegrated core activities are 14 4 pCi cm-2 and 30 7 pCi cmm2 for cores B5.5 and C2-1, 

respectively 

Average pond mventones range fiom 0 5 to 42 mCi of 2393240Pu for Ponds B1 and B5, 

respectively, when calculated fiom core homogenates (Table 3), mventones are 2 to 5 times 

higher when calculated fiom the more reliable vertical core profiles (Table 5) The reason for 

this difference could be m the shallow penetration of the cores taken for the homogenates 

Average yearly fluxes to Ponds B1, B5 and C-2 are listed m Table 6 and range from lo-' to 

10' mCi y-', depending on the pond and method of mtegration These values could be used to 

calculate soil-Pu mechanical erosion rates m the dramage basms for these ponds The yearly 

fluxes were calculated fiom the followmg pond age mformation 1) B- 1 was constructed in 1972 

At = 25 y), 2) B-5 was constructed m 1978 and had a major modification of the outlet works in 

1984 (At = 13 y), 3) C-2 was constructed m 1978 (At = 19 y) 

I3'cs activity 137Cs, derived fiom bomb fallout durmg atrnosphenc weapons testing, has 

been used to date sediment deposition m a number of systems (e g , Santschi and Honeyman, 

1989, and references therern) and to provide mfonnation on uniformity of sediment deposition 

137Cs activities m pond core slices were too low to provide useful relative counting errors 

Table 3 Summary of homogenate results 

Integrated Activity in Pond 
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Pond 
B- 1 

Table 4 Summary of pond areas (acres') 

Minimum Maximum Average 
0 35 0 68 0 56 

B- 1 

- -  - _ -  I I B-5 I 144 I 4 84 I 2 96 1 

Homogenates (Y) 
170 nab 25 

I I 

*There are 4 05 x lo7 cm2 acre-' 

Table 5 Summary of core mventories 

Table 6 Estimation of 239 240pu yearly activity flux to ponds (mCi Y-')~ 

I Pond 1 From I FromCores I PondAge 1 

13 
c-2 I 0 13(022)' I 0 32 I 19 1 

"The fluxes were calculated using the pond ages given in the text 
bThe integrity of the Pond B- 1 core was lost durmg shipment 
'Corrected to penetration depth of profile core (core analysis only for 10 cm instead of 18 cm in 
c-2) 

3 3 & values for 2399240Pu in lip soils and U(VI) with solar pond cores. 

3 3 I The significance of & values 

Mathematical models for simulatmg the transport of chemical constituents through soils by 

water typically treat the transport as occurrmg pnmarily by the dissolved form However, it is 

rare to find an element that resides solely in the water (or dissolved) phase Typically, a 

dissolved element will interact to some extent with the particle (and usually immobile) phase 

13 

I 
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The partitionmg of an element between the dissolved and particle phases is often described 

through the use of a distnbution coefficient, & For a radioactive element, the & is simply the 

ratio of the activity concentration of an element m the particle phase, e g , pCi kg-’, to the 

conespondmg activity concentration m the ‘dissolved’ phase, pCi L-’ As a result, the 

dimensions of J& are usually L kg-’ As a consequence of the empincal definition of J&, no 

relationshp to thermodynamcally defined partition coefficients is unplied as the empirical 

definition mcludes not only surface sorption control but also other mechanisms such as solubility 

control by oxides and colloids that partition mto the solution phase 

A distnbution coefficient reflects the net of all chemcal and physical processes that result in 

the distribution of an element between the particle and solution phases A low & element 

partitions strongly to the water, a high & element partitions more strongly to the particle phase 

Examples of low & species are Na” (the sodium ion) and HCO; (bicarbonate) Because 

transport through soils primarily occurs as the result of water movement (or transport ‘through’ 

the dissolved phase), a high & element will not be very mobile as a consequence of dissolved- 

phase transport The vanability in & values for a particular element reflects the range in 

environmental conditions at the site where the & values w11 be applied As such, Kd values are 

‘conditional’ on] the characteristics of the system Kd values simply reflect the empirical 

distribution of a radionuclide between a solid phase and a water phase that is m contact with the 

solid A number of discussions on the relationship between system chemistry and Kd values are 

available (e g , Davis and Kent, 1990, and references therein) 

Most computer models for simulatmg the fate of radionuclides in the environment use Kd 
values as part of the ‘mobility’ calculations 111 the model While empirically-defined Kd values 

do not represent fhdamental chemical characteristics of a system (1 e ,  they are not ‘state 

variables’) they are quite useful, to the extent that their vanability can be quantified, in 

evaluating the range of mobilities that can be expected m a target environment for the element of 

interest 

As an example of the conditional nature of &s, it is well established that the partitioning of 

Pu (and many other trace metals) between particles and the water phase depends on the 

concentration of organic matter that is present in the water phase (e g , Berry et a1 , 1991, 

Choppin, 1988, Lenhart, 1997) & values for Pu partitionmg to soil particles may decrease in 
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value as the concentration of dissolved organic m the soil water mcreases Organic matter 

‘shifts’ the partitionmg of Pu from the particle to the water phase because, under certam 

circumstances, Pu more strongly associates with dissolved orgmc matter than with particles 

Because & values are not typically based upon a knowledge of speciation (e g , the formation of 

chemical compounds between Pu and dissolved organic matter), but are specific to a certain set 

of environmental conditions, it is usually not possible to quantify how a I& value will change in 

response to variations m system conditions As such, a soil system m which the concentration of 

dissolved organic matter changes mth storm event mtensity will have ‘system’ & values for 

radionuclide partitionmg to particles that also change wth storm event mtensity 

Understandmg the range m the expected particle/water partitionmg of an element is important 

because the extent of partitionmg regulates the mobility of an element by transport through the 

aqueous phase More explicitly, the I& is related to the transport velocity of an element, relative 

to the velocity of the water, itself For example, a compound with a & of fi: 0 L kg-’ will move 

at the same velocity as the water phase, a compound with a & of 1000 L kg-’ will move 

approximately at 1/1000* the velocity of the carrier phase (1 e , the water) 

One assumption that is often made when usmg & values m mobility calculations is that a 

chemical equilibrium exists m the partitioning of an element between particle and dissolved 

phases For 

example 1) partitionmg (1 e ,  the movement of Pu from the dissolved phase to the particle phase 

or the reverse) may be slow, 2) the ‘dissolved’ Pu may not be truly dissolved but may be in the 

form of micro-particles (1 e ,  colloids’), which are often operationally defined as part of the 

dissolved phase (colloid-facilitated transport of contammants require adaptations to transport 

codes typically used for dissolved-phase transport, e g , Reible et a l ,  1991), or 3) a significant 

portion of the particle-phase Pu activity may not be available for exchange mto the water phase 

(e g , the ‘residual’ fraction) 

3 3 2 Kd valuesfor 2 3 9 2 4 0 ~ u  in lip soils 

Dependmg on the form of the dissolved Pu this assumption may not be valid 

The & values were determined by a mass balance on 239*240Pu 

Colloidal materials are typically defined as substances that wll  pass a 0 45 pn filter but whrch have a molecular I 

weight of 1000 daltons (atomic mass w t s )  or more (about 10 m and larger) 
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971879 4 
971879 5 

Table 7 is a list of & values for 239*249u m equilibnum with 903 Pad 'lip' area soils 

Appendix 10 contams the complete analytical data Note that the distribution coefficients are 

based on the activity of 239,240Pu that was transferred fiom the soil particles to solution over the 5 

day experunent Solutions were ln equilibrium with atmosphenc C02 The & values most 

likely represent a lower limit because 1) the suspensions were stirred to mcrease mass transfer, 

and 2) of the high solution to solid ratio 

49 1 8 7 x  io4 i 3 x  io4 8 39 
49 1 1 35 io4 o 45 io5 8 21 

Table 7 List of 239,240Pu & values obtalned for 903 Pad 'lip' area soils 

971879 6 1786 

I 971879 3 I 491 I 3 5 9 x  lo4 I 0 3 3 x  lo4 1 840 I 

1 16 io5 o 09 io5 7 94 

Pu in 239,240 The relationship between soil-phase activity and the dissolved-phase 

'mstantaneous' equilibrium with the solid phase is given by 

(4) 
K d C p  

l+K,C, fdissolved = - 

239,240 where fdlssolved is the fraction of Pu (particulate + dissolved) that is 111 the solution phase and 

C, is the particle concentration (kg L-I) If, for example, 5 grams of the soil isolate used in the Kd 

experiments (1 e , the < 64 pn fraction) are ln contact with 1 L of groundwater (239,24%u~ = 1 64 

Pu would be 3 32 pCi L-' x lo2 pCi g-', & = 1 x lo4 L kg-'), the resultmg dissolved 

Assummg that Pu is only m the fine fraction (< 2 33 mm, an assumption that must be evaluated), 

measured Kd values can be scaled to the total soil mass by only considermg fme-grained material 

as the carrier 

239,240 
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3 3 3 Desorption kmetics 

Figure 3 shows K,-J values for Pu release from soil isolate 97L1879 #2 as a function of time 

and water type & values are dependent on both the composition of the water m contact wth 

soil particles and time It is clear that, for the system contamg water &om well 1586, 

equilibrium partitionmg has not been reached 

3 3 4 Solar pond soils and U(vl) 

Appendix 11 presents the results of & evaluations for the mteraction of U(VI) wth solar 

pond soil isolates, Appendix 4 contams the experimental protocol The background solutions for 

the analysis were a 'hgh' nitrate (water # 05193) and a 'low' nitrate (water # 1786) The core 

isolates used m the sorption expenments constitute the less than 64 pn particle-size fraction, 

consequently, the & values denved m th~s  study represent an upper limit relative to what would 

be observed for 'bulk' core & values The reported & values represent 64 hours of contact 

between the soil particles and solutions The pH values were recorded after the 64 hours of 

equilibration Appendix 12 contams a reproduction of the borehole logs 

The sorption data (Table 8) exhibit three broad characteristm 1) Kd values that range over 

nearly an order of magnitude (from 3 1 2 to 148 7 L kg-'), 2) &s that decrease in value fiom core 

top to bottom, and 3) relatively little mfluence of solution composition on the magnitude of 

U(v1) sorption The magrutude of the Kd values is consistent with the relatively greater 

solubility of U(V1) with respect to sorptive processes, compared to other actinides The greater 

solubility is the consequence of generally weaker mteractions between U(V1) and mineral 

surfaces and the formation of non-sorbmg or weakly-sorbing solution-phase U(V1) complexes 

(such as uranyl carbonato complexes) (e g , Choppm, 1988, 1992, Lenhart et a1 , 1997) The 

decrease m & values wth depth reflects changes in the composition of the sorption substrate and 

is possibly due to a decrease m the ratio of silica (sand) to clay down-core 

3 3 5 Sorption kinetics 

Sorption kmetics data for 233U/238U mteraction wth solar pond core material yielded no 

statistically significant difference m & values over a six day expenment period Core materials 

considered were 1) top, core 54294 and 2) top, core 41 193 The water used for the suspension 

of the core material was the low nitrate water, #I1786 
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Depth I Nitrate I J&(LL1) 1 Average& I 

t h 153 3 
t h 145 9 
t h 146 8 1487 2 4 0  
t 1 173 1 
t 1 172 1 
t 1 167 9 171 0 f 2 8 

m h 55 6 
m h 57 1 
m h 54 5 5 5 8  5 1 3  
m 1 58 2 
m 1 60 1 
m 1 58 6 5 9 0 k  1 0  
b h 31 9 
b h 29 4 
b h 32 4 3 1 2 f  1 6  
b 1 45 3 
b 1 44 4 
b 1 61 8 5 0 5  & 9 8  

Table 8 Summary o f  & values for U(VI) sorption onto Solar Pond cores 

:ore 41 193 
Depth 1 Nitrate I I(d( Lkg') I Average I& 

t h 111  7 
t h 103 2 
t h 109 7 1082 k 4 5  
t I 118 4 
t 1 123 3 
t 1 128 3 1234 _+ 4 9  

m h 50 4 
m h 43 8 
m h 51 7 4 8 6  f 4 2  
m 1 60 3 
m 1 54 2 
m 1 51 1 5 5 2  4 6  
b h 55 7 
b h 55 5 
b h 62 4 577  & 4 0  
b 1 64 0 
b 1 67 2 
b 1 50 6 6 0 6 2  8 8  

Nomenclature 

Core 54294 t (top) 7 8 - 9 0 ft, m (middle) 9 - 10 ft, b (bottom) 12 5 - 13 ft 
Core 41 193 t (top) 4 3 - 5 1 ft, m (middle) ca 6 9 ft, b (bottom) ca 7 6 ft 
High nitrate 05 193 
Low nitrate 1786 
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5. List of Figures. 

Figure 1 Location o f  samples taken for analysis at Rocky flats Environmental Technology Site 

Figure 2 239*24%u activity (pCi g-') versus depth (cm) m pond cores a) Core B5-05, b) Core C2- 
01 The lme drawn through the data is presented as an aid m visualizmg the structure of  the 
activity v depth profile and IS not a mathematical fit to the data 

Figure 3 & (L kg-') as a function of time (days) and water type for 239 240pu desorption from soil 
isolate 97L1879# xxxx 
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6. Appendices. 

1 Analysis procedure for Rocky Flats soils/se&ments m concert wth selective extraction for 
phase speciation 

2 Protocol for Pu extraction from sedments 

3 Protocol for Pu extraction from water 

4 Protocol for the determmation o f  partitiorung coefficients for U(VI) mteraction with solar 
pond soil core 

5 Results o f  sequential leaclung 

6 Carbon analysis 

7 Summary o f  pond core homogenates 

8 Core B5-5 analysis 

9 Core C2-1 analysis 

Pu & values for 903 Pad ‘Lip’ area soils 10 239,240 

1 1 U(VI)/solar pond core & values 

12 Borehole logs for solar pond cores 41 193 and 54294 
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APPENDIX 1 ANALYSIS PROCEDURE FOR ROCKY FLATS SOILS/SEDIMENTS IN 
CONCERT WITH SELECTIVE EXTRACTION FOR PHASE SPECIATION (VER 
1 01 

Transfer a quantity of sediment that has been sem-hed  and sieved through a 2-3 mm mesh 
screen, to a dish for drymg 

Place the dish contamg the sedunent mto a low heat ventilated oven (<80 degrees C) until the 
weight is stable after coolrng to room temperature 

Weigh out 3 0 +/- 0 1 grams of sehment mto well sealmg, 50 ml, comcal bottom centrifuge tube 

Prepare a known blank sedunent with each batch of sediments to be extracted 

Duplicate one of the samples m the batch to run exactly as its duplicate 

Duplicate one of the samples to run with excessive extraction tunes for comparison to its 
duplicate 

Duplicate one of the samples to compare the exchangeable extractants - potassium nitrate vs 
magnesium chloride 

Determme the quantity of extractant used to the nearest tenth of a milliliter 

Follow the extraction scheme as detailed m Yong et al (1993), wth  the followmg additions 

After the prescnbed extraction tune, separate the extractant fiom the sediment by 
centrifugation and decantation followed by filtration of the decanted liquid through a 0 45 
micron membrane filter 

Determme the quantity of extractant left in the sediment by re-measurng the extractant 
recovered 

Rmse any residues on the filter back mto the tube contamg the majonty of the sediment 
with approximately three times the quantity of residual extractant usmg D I water as the 
rinse 

Vortex the sample for several seconds, recentnfuge and filter the decanted supernate 
through a 0 45 mcron membrane filter and combme with the ongrnal extractant 
(Proceed with the next extractant, repeatmg thls sequence ) 

Spike the extractant with a known amount of 242Pu Use approxmately one-tenth the expected 
quantity of %u in the entire extracted sediment (e g , a sample is 100 pCdg 239*240pu A 3 
gram extraction aliquot is taken The Pu-242 tracer used should be 30 pCi for each extraction ) 
For extractants 1-4 

239,24 
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Amendix 1 

Add 10 m l  conc nitnc acid slowly Allow to stand for several m u t e s  at room 
temperature, then place on a warm hot plate for several m u t e s  Add a few drops of 
hydrogen peroxide to assist wth  the destruction of organic matenal, extractant residue 
and to assist m the exchange of tracer wth the analyte 

Take the solution to dryness on a moderately hot hotplate If it appears that the 
will not redissolve due to msoluble matenal repeat the above treatment 
hydrogen peroxide 

residue 
with nitric acid and 

For extractant 5 

Rather than addmg the 12 _M hydrochloric acid and dilutmg as m the “Yong paper”, take 
the acid mixture to the pomt of perchlonc acid fumes (dense white clouds) for a few 
mmutes, berng carell not to allow the residue go to dryness Add a small amount of 
perchloric acid if necessary to prevent gomg to dryness 

Allow the sample to cool then proceed with the followrng 

All samples 

Add 1-3 ml of conc nitnc acid and warm the solution on a hot plate 

Dilute the solution to 10 ml usmg 1M nitnc acid 

Add 1 ml of 20 mg/ml Fe(III) carrier 

Add a spatula tip full of sodium nitnte crystals to the solution and mix well 

Allow the sample to stand for at least ten mrnutes 

Add conc ammonium hydroxide m excess to precipitate the Fe carrier as iron hydroxide 

Centnfuge the sample for 5- 10 m u t e s  and discard the supernate 

Estimate the volume of the fernc hydroxide precipitate, add 4 times the volume of conc 
hydrochloric acid and mix by vortexmg Add 9u hydrochlonc acid to brmg the soution 
to a final volume of 10- 15 ml 

Fill a disposal plastic column ( approxmately 5ml I D , 10 ml capacity) with 2 ml of AG 
1x8 anion exchange resm Cover the top of the resm mth a small plug of glass wool 

Condition the resin with 10 ml of 9s hydrochloric acid Discard the effluent 

Filter the solution onto the column if necessary 
Load the sample solution onto the column Discard column eMuent m appropriate waste 
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stream 

Rmse the column mth 1,2,5,10 ml successive m e s  of 9N, hydrochlonc acid allowrng 
each rmse to pass completely through before addmg the next 

Rmse the column mth 3 successive 5 m l  portions of 0 5 
portions m a plastic test tube 

mtnc acid Collect these 

Add approximately 0 5 ml30% hydrogen peroxide and s m l  

Add 100 pg lanthanum c m e r  IVhx well Add 5ml 25% HF Mix well Allow the 
sample to stand for 15-20 m u t e s  

Place a 25 mm 0 1 pm filter membrane m a filter funnel assembly and wet the membrane 
with a small amount of methanol or ethanol Vacuum filter the solution then rinse with 
10- 15 ml of slightly basic water 

Remove the filter, dry at low heat, and mount on the planchet with double coated tap for 
APHA (alpha pulse height analysis) 

Citations. 

Yong, R N , R Galvez-Cloutier and Y Phadungchewt (1993) Selective sequential extraction 
analysis of heavy-metal retention m soil Can Geotech J ,  30,834-847 
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APPENDIX 2. PROTOCOL FOR P U  EXTRACTION FROM SEDIMENTS 

Preparmg Sample 
1 
2 Add spike (242Pu) 
3 Add lOml conc "0, 
4 Add lOml conc J3F 
5 Let solution sit overnight 
6 Microwave digestion 

Weigh 1 0 g sediment 

Procedure 
1 Transfer solution to a teflon beaker 
2 Add 5ml perchlonc acid, evaporate 
3 Add lOml con €€NO3, lOOml DH20 +2g H3BO3 , heat -15mm 
4 Transfer to a 250ml centrifuge bottle, add 2ml FeC13 
5 Add lml NaN02, vortex, then warm on hot plate for 15-30min 
7 Add 40-5Oml conc NH40H to form a precipitate (basic) 
8 Centrihge 1 5 m -  discard supernatant 
9 Estimate volume of solid, add 3X amount with conc HC1, vortex 
10 Add 75ml9M HCl, then add 2ml NaN02, mix well, then set aside for Ismin 

IMPORTANT If foamy gel present, perform PEG treatment (step 11) 

11 Add 2-5mlO 25M polyethylene glycol, vortex and set aside 30min, then centrifuge 
5min 

Column Preparation 
1 Fill column to 7cm w/resm 
2 Place glass beads on top of resm (-2cm) 
3 Place plastic funnel on columns, fold a Whatman 41 filter paper inside funnel, wet w/ 9M 

HCl 
4 Condition resm w/50ml9 M HCl, discard 

Columns 
1 Load sample through filter in funnel 
2 bnse  column 4x w/20 ml 9M HCl, allow each rinse to pass completely though before the 

next r m e  is poured, discard effluent 
3 Ellute column w/20 ml9M HC1+ 1 5ml HI, collect elluent 
4 Add lml conc "03, evaporate to dryness 
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APPENDIX 3. PROTOCOL FOR PU EXTRACTION FROM H20 

Sample preparation 
1 
2 Add 500ml H20 (welVpond) 
3 Stir for 5 days 

Weigh 5 0 g sediment 

I Procedure 
1 Transfer solution and centrifuge -1 5mm 
2 Collect supernatant, filter through 0 4 mcron nuclepore filter paper 
3 Collect filtrate, add lml 242Pu tracer, and 10 ml conc HN03 
4 Set on hotplate to evaporate 
5 Estimate volume of solid, add 3X amount wth conc HCl, vortex with conc HCL, vortex 
6 Add 75ml9M HC1, then add 2ml NaN02, mix well, then set aside for 15min 

IMPORTANT If foamy gel present, perform PEG treatment (step 11) 

7 Add 2-5m10 25M polyethylene glycol, vortex and set aside 30mm, then centrifuge 5min 

Column Preparation 
1 
2 
3 

Fill column to 7cm whesm 
Place glass beads on top of resm (-2cm) 
Place plastic b e l  on columns, fold a Whatman 41 filter paper inside h e l ,  wet w/ 
9M HCl 
Condition resm whom1 9M HCl, discard 

, 

4 

Columns 
1 Load sample through filter m funnel 
2 Rmse column 4x w/20ml9M HCl, allow each m s e  to pass completely though before 

the next rmse is poured, discard effluent 
3 Elute column w/20ml9M HC1+ 1 5ml HI, collect eluent 
4 Add lml conc "03, evaporate to dryness 

1 



Appendix 3 

Platmg 
1 Add lml conc HC1, mx well, then add 14ml D H20, nux well 
2 Add lml lanthanum carner f 0 5ml H202, mix, then add 5ml3M HF, mix 
3 Let sample stand 15-20min 
4 Set up filtration apparatus 
5 Apply vacuum, rmse filter w/methanol, then rmse w/ D H20 
6 Transfer sample through filter, then rmse beaker w/5ml D H20, add to filter 
8 After sample has passed through filter, m s e  filter w/l 0- 15ml D H20 
9 Collect filter paper, mark paper w/sharpie 
10 Mount filter paper on 1 25” planchet 



I APPENDIX 4: PROTOCOL FOR THE DETERMINATION OF PATITIONING COEFFICIENTS 
FOR u(vI) INTERACTION WITH SOLAR POND SOIL CORE ISOLATES 

, 1 10 00 g of the 200 mesh core isolates was weighed lnto a wal 

2 The soil was quantitatively transferred fiom the vial to polycarbonate ‘Oak fidge’ type 
centnfuge tubes 

3 25 ml of ‘lugh’ or ‘low’ mtrate water was added to each tube 

4 0 46 ml of 238U stock solution and 0 500 ml of 233U stock solution was added to each tube 
UT=lITlprl 

5 Each tube was mixed by tumblmg for 64 h 

6 At 10 h mtervals, tubes were opened to equlibrate with atmosphenc COz 

I 7 At the end of the equlibration penod, samples were centnfuged at 9000 3000 relative 
I centrifugal force (rcf) for 30 mm 

8 The pH of the supernatent liqwd was measured 

9 2 ml of the supernatent liquld was pipeted mto vials for hqwd scmtillation analysis 



Lr 
C 

e 
t 
ri 
p! 

K 

V 

3 
N 

N 
b m 

0 0 0 0 0  6 S S S S  8 2 2 8 8  6 6 S S S  
m m m m m  m m m m m  m m m m m  m m m m m  



2 W 
N 

W 
N N m 

0 0  

-1 
- 1 g d N m  8,000 
0 

8 8 8 8 8  
m m m m m  

8 8 8 8 3  
m m m m m  



ar 
d 
0 

w 
e4 

o\ * e4 
el 2 

0 

3 2 X r r m  
0 0  8 8 8 0 0  0 0 0  

r r m  m e 4  

0 0 0 0 0  
0 0 8 o m  SESSX: 

0 0 0 0  

r r m  o o s y  
0 0 0 0  

8 8 8 8 8  
m m m m m  

8 8 8 8 8  
m m m m m  

8 8 8 8 8  
m m m m m  

m m m m m  
0 0 0 0 0  
m m m m m  



2 
0 

?? 
0 
0 

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

S 8 8 8 Z  
0 0 0 0 0  



Amendix 6-  Carbon Analvsis. 

Analysis Summary Mcrosoft Excel File REFTS 
Carbon 9-97 

Carbon Analysis. Rocky Flats Sod Samples 
Analyst R H m s h  
Analysis Dates 9-13, 9-19, and 9- 

Method Coulomehlcs titration, Total Carbon and Inorgamc Carbon determmed 
directly, 111 duplicate, Orgmc Carbon calculated by difference between TC and IC 

20-97 

Sample 

#97L1879-00 1 
#97L1879-002 
#97L1879-003 
#97L1879-004 
#97L1879-005 
#97L1879-006 
Soil Blank fiom back of Coolbaugh 
SID # 25 
SID # 27 
SID # 39 
Pond C-2 
# 3  
Pond C-2 
# 5  
E F T S  Soil C2-02 

Total Inorganic 
Carbon Carbon 
(% by (% by 

weight) weight) 

2 56 
2 32 
2 41 
2 35 
2 23 
2 33 
0 38 
3 71 
5 16 
2 47 
0 74 

2 64 

0 95 

0 17 
0 12 
0 77 
136 
0 95 
0 16 
0 21 
0 04 
0 13 
0 40 
0 25 

0 53 

0 15 

Organic 
Carbon 
(% by 

weight) 

2 39 
2 20 
1 64 
0 99 
128 
2 17 
0 17 
3 67 
5 03 
2 07 
0 49 

2 1 1  

0 80 

1 

I 
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APPENDIX 8. CORE B5-5 ANALYSIS. 

Sample Dates Weight 0 ""?Pu Error " " 9 u  239540pu 

Counted (€9 [ - I  (dpdkg) (Cdpdcm') (ZpCdcm') 

I 
I '  

(0-1 cm) 

(2-3 cm) 

(2-3 cm) 

(4-5 cm) 

(7-8 cm) 

(9-10 cm) 

(9-10 cm) 

(12-13 cm) 

(14-15 cm) 

(17-18 cm) 

(1 9-20 cm) 

(22-23 cm) 

(24-25 cm) 

(27-28cm) 

(29-30 cm) 

(32-33 cm) 

(34-35 cm) 

(37-38 cm) 

(39-40 cm) 

(42-43 cm) 

(44-45 cm) 

(44-45 cm) 

(46-47 cm) 

07/23 -07127 

08103-08108 

09105-09111 

07124-07127 

08/03 -08106 

07123-07127 

0811 1-0811 7 

08104-08/06 

07124-07/27 

08104-08108 

07125-07129 

08l08-08l10 

07127-0713 1 

08106-08110 

07127-08101 

08106-08110 

0713 1-08103 

08108-08/11 

0810 1-08103 

08108-08111 

08103-08108 

09105-09111 

08101-08/03 

1 0031 

1 0043 

10014 

1 0071 

1 0021 

1 0042 

1 0064 

10017 

10054 

10017 

10085 

10006 

1 0037 

10048 

1 0036 

1 0027 

1001 

10027 

10098 

10081 

1 0094 

1 0033 

10065 

0 772 

0 663 

0 663 

0 679 

0 624 

0 658 

0 658 

0 635 

0 612 

0 590 

0 621 

0 624 

0 626 

0 516 

0 444 

0 420 

0 357 

0 365 

0 369 

0 385 

0 383 

0 383 

0 402 

1298 2 

259 0 

399 2 

3282 6 

756 6 

598 6 

1701 1 

1401 0 

878 1 

646 2 

1226 2 

2133 0 

1022 8 

320 3 

128 9 

1169 

67 4 

33 5 

6 6  

84 6 

1179 

40 4 

8 2  

95 7 

26 0 

26 8 

159 2 

44 3 

35 5 

67 4 

83 2 

59 9 

53 0 

66 9 

136 3 

58 7 

28 4 

18 5 

12 9 

14 9 

1 1  2 

4 6  

22 2 

19 6 

6 6  

5 8  

0 74 

0 22 

0 34 

2 64 

0 71 

0 51 

1 45 

128 

0 85 

0 66 

116 

2 01 

0 96 

0 39 

0 18 

0 17 

0 1 1  

0 05 

0 01 

0 13 

0 18 

0 06 

0 01 

3 37E-01 

9 9 1 E-02 

153E-01 

1 20E+OO 

3 23E-01 

2 32E-01 

6 60E-01 

5 81E-01 

3 87E-01 

3 01E-01 

5 28E-01 

9 12E-01 

4 34E-01 

1 76E-01 

8 15E-02 

7 7 1 E-02 

4 92E-02 

2 42E-02 

4 7 1 E-03 

5 91E-02 

8 26E-02 

2 83E-02 

5 61E-03 

E 



Appendix 9 CORE C2-1 ANALYSIS 

Sample Dates Weight 8 ”9’?’u Error 239’?’u u 9 * z ~ u  

Counted (g) [ - I  (dPm/kg) (Cdpmlcm’) (CpCdcm’) 

(0- 1 cm) 

(2-3cm) 

(4-5cm) 

(7-8~m) 

(9- 1 Ocm) 

(12-13cm) 

(1 4- 15cm) 

(1 4-1 5cm) 

(17-18cm) 

(1 8- 19cm) 

0712 1-07123 

07121 -07123 

0712 1-07123 

08/09-08/11 

07123-07/24 

0811 0-08/17 

07123-07/24 

08/11-08/17 

08f10-08/17 

07f23-07/25 

1 0054 

1 002 

1 0064 

10081 

1 0044 

1 0031 

1 0049 

10054 

1 0061 

10068 

0 672 

0 633 

0 567 

0 515 

0 650 

0 512 

0 650 

0 650 

0 527 

0 512 

4797 2 

4607 2 

1941 5 

2945 0 

2839 6 

4490 2 

4621 1 

5795 4 

1825 0 

1275 4 

188 2 

260 5 

105 0 

181 2 

158 1 

138 4 

217 0 

164 1 

77 1 

74 4 

3 93 

4 23 

2 10 

3 57 

2 48 

5 48 

4 04 

5 07 

2 16 

1 56 

1 79 

1 92 

0 95 

1 62 

1 1 3  

2 49 

1 84 

2 30 

0 98 

0 71 
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Appendix 1 1 Determination of U(VI)/solar Pond core & Values 

Core 54294 

Depth in core Mass core Nitrate pH Fracbon U O  Fraction U O  Kd (L/kg) Average Kd Std Dev 
sample (g) sorbed [ - ] in solubon [ - ] (1 0) 

top 10 hgh 7324 06052 0 3948 153 3 
10 hgh 7426 05933 0 4067 145 9 
10 hgh 7304 05948 0 4052 146 8 148 7 4 0  

10 low 7 127 0 6338 0 3662 173 1 
10 low 7 119 0 6325 0 3675 172 1 
10 low 7241 0 6267 0 3733 167 9 171 0 2 8  

rmddle 10 hgh 7436 03575 0 6425 55 6 
10 hgh 7426 03636 0 6364 57 1 
10 hgh 7414 03527 0 6413 54 5 55 8 1 3  

10 low 7304 0 3679 0 6321 58 2 
10 low 0 3752 0 6248 60 1 
10 low 0 3695 0 6305 58 6 59 0 1 0  

bottom 10 hgh 7564 02417 0 7583 31 9 
10 hgh 0 2274 0 7726 29 4 
10 hgh 0 2447 0 7553 32 4 31 2 1 6  

10 low 7345 0 3117 0 6883 45 3 
10 low 0 3073 0 6927 44 4 
10 low 0 3819 0 6181 61 8 50 5 9 8  

1 



Appendix 11 I 
, 

Core 41193 

I Depth in core Mass core Nitrate pH Fraction Frachon ICd (Lkg) Average & Std Dev 
I sample (g) sorbed [ - ] in solution [ - ] (1 0) 

top 10 hgh 7584 05277 0 4723 111 7 
hgh 0 5079 0 4921 103 2 
hgh 0 5232 0 4768 109 7 108 2 4 5  

middle 

low 7433 0 5422 0 4578 118 4 
low 0 5522 0 4478 123 3 
low 0 562 0 438 128 3 123 4 4 9  

hgh 7604 03349 0 6651 50 4 
hgh 0 3046 0 6954 43 8 
hgh 0 3407 0 6593 51 7 48 6 4 2  

low 7396 0 376 0 624 60 3 
low 0 3516 0 6484 54 2 
low 0 3384 0 6616 51 1 55 2 46 

bottom hgh 736 0 3578 0 6422 55 7 
hu$ 0 355 0 645 55 0 
hgh 0 3841 0 6159 62 4 57 7 40 

low 7323 0 3903 0 6097 64 0 
low 0 4018 0 5982 67 2 
low 0 3362 0 6638 50 6 60 6 8 8  

2 



U S  REPARThGYr OF -KGY ROCKY FIATS PLANT 

- 8' .* .. . 
SAMPLE OESCRLPnON 

7 i 8 



1 

1 

APPROVAL DATE 
I 

"t- 

N 
o 

x 
3 

Q3 

.I1 

I I 



i 
\clW 
1 

r - .  

-2 I 
34'. 

- 33 1 -  - 

-- 
a 

SAMPLE DESCF?V'ION 

Parsons Engineenng Scienw, Iilc 
QA Record No' Page&of 3 

QA Checked By. &?K)- Date &a LQ! 



i 

r f = = - m m r =  

I 

-- 

b 

I 
/ 

1 
I 

U U 

I 

i 

I 
I 
6 


